The inorganic and organic components of soil carbon (C) constitute the largest C pool in the terrestrial biosphere. Determining changes in soil organic C (SOC) and inorganic C (SIC) under different climates is necessary for assessing C sequestration. The effects of arid, semiarid, and semihumid climates on SOC, SIC, and soil total C (STC) storage in 27 pedons along a soil climosequence were investigated. Results showed that SIC constituted 85%, 65%, and 74% of STC in the arid, semiarid, and semihumid regions, respectively, highlighting the importance of inorganic C in the C cycle. Soil organic C and SIC content and storage showed inverse trends with increasing soil depth. The mean content of STC storage in the semihumid region (113.12 Mg ha −1 ) was larger than in the semiarid (62.78 Mg ha −1 ) and arid (37.49 Mg ha −1 ) regions. The average times needed to store SIC in the semihumid, semiarid, and arid regions were estimated as 15,400, 23,100, and 26,000 years, respectively, suggesting that SIC is stored more rapidly in wetter climates because of more weathering.
C arbon (C) storage has attracted a significant amount of attention from researchers and scientists in recent decades because of the effect of C levels on various aspects of human life and the environment, such as reducing greenhouse gas emissions and mitigating climate change (Díaz-Hernández, 2010; Lal, 2013b; Shi et al., 2012; Wang et al., 2010; Zhang et al., 2015) . Climate and parent materials can introduce a range of C levels in ecosystems (McLauchlan, 2006) . Climate provides water and temperature (energy), two main components involved in soil formation. Changes in precipitation and temperature are responsible for biomass production, which changes soil properties. Increasing rainfall decreases soil pH while increasing the maximum depth of carbonate accumulation and the contents of soil organic C (SOC), nitrogen, and clay (Zhang et al., 2013) . Total nitrogen as a component of soil organic matter plays a major role in biological activities and potential SOC sequestration (Knops and Kate, 2009; McLauchlan, 2006) . Rising temperature and elevated atmospheric carbon dioxide (CO 2 ) are two factors that simultaneously affect the dynamics of soil total C (STC) (Wang et al., 2016) .
There are five main C pools on the earth: (1) the lithosphere, including fossil fuels and sedimentary rock deposits, such as limestone, dolomite, and chalk (66-100 million Pg); (2) oceans (38,000-40,000 Pg); (3) SOC (1500-1,600 Pg) (Batjes, 1996; Lal, 2004; Lal, 2013a; Monger and Gallegos, 2000) and soil inorganic C (SIC) measured up to 1 m (695-1,738 Pg) (Batjes, 1996; Eswaran et al., 2000; Eswaran et al., 1995; Hirmas et al., 2010; Lal, 2013a) ; (4) the atmosphere (863 Pg); and (5) the biosphere (540-610 Pg) (Rice, 2004) .
The SOC component of the soil C pool is a key indicator of soil quality that influences essential biological, chemical, and physical soil functions such as nutrient cycling, water retention, and soil structure (Vitti et al., 2016) . Because of its sensitivity to environmental changes, SOC is one of the most important components involved in global climate change (Lal, 2004; Selim et al., 2016) . Understanding the mechanisms involved in C storage in the soil profile is crucial for assessing regional, continental, and global soil C pools and predicting the consequences of global change (Wang et al., 2010) . During the process of soil formation (pedogenesis), the soil begins to accumulate organic matter until it reaches a steady state, in which C inputs balance C emissions.
Lithogenic and pedogenic SIC (Batjes, 1996; Zamanian et al., 2016) also plays a significant role in C sequestration (Chang et al., 2012; Monger et al., 2015) . Several studies have not considered inorganic C as a C stock (Tan et al., 2014; Wu et al., 2009) , probably because of the longer time needed for changes in carbonates to occur compared with SOC (Rawlins et al., 2011; Yang et al., 2012) . Recent studies, however, have demonstrated that soil biota plays an important role in the generation of secondary carbonates (Lee et al., 2008) , suggesting potentially rapid changes in SIC. Monger et al. (2015) suggested that the availability of calcium (Ca) is the main factor in CO 2 sequestration by SIC. Pedogenic calcium carbonate (CaCO 3 ) resulting from limestone weathering, however, does not sequester atmospheric C because the source of the Ca is from preexisting CaCO 3 , and the CO 2 consumed in the reaction to form carbonic acid is released upon the reprecipitation of CaCO 3 (Drees et al., 2001) . In contrast, if the Ca or Mg results from the weathering of silicates bearing Ca/Mg, 2 moles of CO 2 is consumed per mole of carbonate precipitated, and CO 2 is sequestered during this process (Drees et al., 2001) .
The emitted CO 2 from SIC sources may influence the terrestrial C cycle, resulting in global warming. Therefore, the understanding of the C cycle will remain incomplete without considering SIC dynamics, which should be regarded as one of the C stocks (Yang et al., 2012) . The pools of SIC and their dynamics in arid and semiarid regions, which cover approximately one third of the earth's surface, are very important because these regions have an overall higher accumulation rate of SIC than other biomes (Drees et al., 2001; Lal, 2004; Lal, 2008) . Most SIC stock is found under arid (78%), semiarid (14%), and Mediterranean (5%) conditions (Batjes, 1996; Eswaran et al., 2000; Eswaran et al., 1995; Jobbágy and Jackson, 2000) . There is an equilibrium between the soil components and the environment. Therefore, SOC and SIC, which originated from the same sources during soil formation, reflect the existing thermodynamic equilibrium across the period of soil evolution. For this study, we selected stable positions without anthropic effects in landscapes consisting of basalt rocks to reduce the effect of other variables in the relationships between SOC and SIC. We investigated the effects of different climate factors on SOC, SIC, and STC content; storage; and spatial distribution in soils developed on Eocene Epoch basalt rock in the arid to semihumid rangelands of northwestern Iran.
MATERIALS AND METHODS

Study Area and Field Sampling
The study was conducted at three locations in arid, semiarid, and semihumid regions as a climosequence located in northwestern Iran (Fig. 1) . The geographic midpoint coordinates of the studied regions are shown in Table 1 . Soil moisture and temperature regimes were determined using jNSM software (USDA-NRCS, 2012b) from long-term mean annual precipitation and temperature data. Soil moisture and temperature regimes in the arid, semiarid, and semihumid regions were Typic Aridic-Thermic, Dry Xeric-Thermic, and Typic Xeric-Mesic, respectively. The aridity index = mean annual precipitation (MAP) / mean annual potential evapotranspiration (UNEP, 1997) for each region was used to quantify precipitation availability over atmospheric water demand. Mean aridity indices in the studied areas showed remarkable differences ( Table 1 ), indicating that they can be powerful tools for distinguishing between arid, semiarid, and semihumid climates such as those that comprised the studied climosequence regions from the southeast to the northwest.
The studied areas were located in the Alborz geological zone formed during the Eocene Epoch. Bedrock underlying the soil in all areas consisted of mid to late Eocene (54.8-33.7 M years old) basalts (Sahandi and Soheili, 2005) . After identification of the areas on geological maps (1:100,000), parent rocks were checked on the ground. The arid region consisted of very thick, coarse, textured, massive, nonporous, and homogenous megaporphyric trachybasalt without fracture. The semiarid region consisted of a very thick, textured, massive structure with some planar cracks and homogenous gray basalt, trachybasalt, and andesitic basalt complex. The semihumid region was characterized by very thick, fine, textured, massive (with some veins and pores in fractures), FIG. 1. Location of the study area in northwestern Iran showing a distribution map of igneous rocks (Agard et al., 2011) and example pedons images (basalt parent material, saprolite, as well as pedogenic horizons). A, Pedon no. 26 in semihumid region. B, Pedon no. 14 in semiarid region. C, Pedon no. 3 in arid region. A color version of this figure is available in the online version of this article.
and homogenous basaltic lava. The studied regions had hilly geomorphic units and elevations between 220 and 2,200 m above sea level. No conflicts with tephra episodes were observed for the basalts in the regions. There was no evidence of covering layers on basalts before denudation. Thus, different soil thicknesses in each region (40-80 cm in arid, 80-120 cm in semiarid, and 150 to >250 cm in semihumid) were the result of direct weathering of basalts ( Fig. 1) . Depending on climatic conditions, weathering intensity in different regions varied between low in the arid region to high in the semihumid region. There was no evidence of dust deposition in the studied sites. All the sampling sites were on stable upland positions with a southeast to northwest aspect and slopes averaging less than 25%. Sampled pedons did not exhibit evidence of human perturbation or accelerated wind and water erosion.
The land use in the studied regions was rangeland, with somewhat different vegetation cover in each region in accordance with their climatological properties. The vegetation cover in the arid region consisted of mainly annual herbs, along with sparse perennial shrubs with low fine-root density. However, in the semiarid and subhumid regions, somewhat more intensive deep-rooted annual grasses or herbs, accompanied by perennial shrubs and small trees with moderate to high root densities, were observed. Nine pedons from each region (with approximately 500-ha extent, for a total of 27 pedons with 1,500-ha extent) were described and sampled according to standard methods (USDA-NRCS, 2012a). The soils were classified based on Keys to Soil Taxonomy (Soil Survey Staff, 2014) and the World Reference Base (World Reference Base for Soil Resources, 2014).
Physicochemical Analyses
All samples were collected from soil pits dug to describe the soil profiles; one soil sample was taken from each of the horizons. Pedogenic and lithogenic horizons were selected for laboratory analyses. All analyses were performed on air-dried and sieved (2-mm sieve) soil samples (Pansu and Gautheyrou, 2006) . Coarse fragment percentage was determined by multiplying the weight of fragments with diameter greater than 2 mm/weight of whole sample by 100 (SCS-USDA, 1967). Particle-size distribution of fineearth fractions was determined using the hydrometer method (Gee and Bauder, 1986) . Bulk density (BD) was determined by calculating the original volume of undisturbed samples (core method) and measuring the dry mass after oven drying (Blake and Hartge, 1986) . Soil organic C and SIC (as calcium carbonate equivalent) content was determined using the Walkley-Black and calcimetry methods (with increasing reaction time), respectively (Carter and Gregorich, 2008) . Soil total C content was calculated as the sum of SOC and SIC.
Calculations and Statistical Analysis
Equation 1 was used for the calculation of the total amount of SOC in a profile with k layers (Batjes, 1996; Wang et al., 2010) :
where k is the number of horizons, SOCi is the SOC content (in Mg ha −1 ), ρi is the BD (in Mg m −3 ), Pi is the proportion of organic C (in g C g −1 ) in layer i, Di is the thickness of layer (in meters), and Si is the volume fraction of fragments greater than 2 mm. Similarly, SIC was calculated using Equation 2:
where k is the number of horizons, SICi is the SIC content (in Mg ha −1 ), ρi is the BD (in Mg m −3 ), Pi is the proportion of inorganic C (in g C g −1 ) in layer i, Di is the thickness of layer (in meters), and Si is the volume fraction of fragments greater than 2 mm. The factor 0.12 is the mole fraction of C in CaCO 3 used to convert the measured carbonates into SIC (Li et al., 2007) . The volume fraction of fragments (Si) was calculated according to the Soil Survey Staff (2011) method for each horizon. Furthermore, to understand the importance of various forms of C in deep soil, SIC storage (SICs), SOC storage (SOCs), and STC storage (STCs) in 0-to 25-, 25-to 60-, and 60-to 120-cm soil depths were determined based on weighted averages. The SIC minimum accumulation time was calculated based on Henry's law (KH = [A(aq)] / PA), where KH = 34.2 at 25°C, [A] is the concentration of gas A in the soil solution expressed in mol m −3 , and PA is the partial pressure of A in soil air in atm (Tan, 2010) .
Descriptive statistical analyses, including minimum, maximum, mean, and S.E., were performed using the software SPSS 17.0 (SPSS, Inc., Chicago, IL). Multiple comparisons and analysis of variance were used to determine the significance of differences between soil C forms. All comparisons were examined at the 0.05% significance level (Duncan test) using SAS software version 9.4 (SAS Institute, Cary, NC).
RESULTS
Soil Morphological Properties
Morphological, physical, and chemical characteristics were considerably different in the studied soils. Differences in climate properties such as MAP and mean annual temperature (MAT) across the three regions have caused specific features in the studied soils, especially the formation of different carbonate forms and depth of accumulation. Tables 2, 3 , and 4 contain selected morphological properties of the pedons studied. The most obvious difference is the weak blocky structure in soils of the arid regions (Table 2) , which is in contrast with the moderate to strongly developed blocky structure found in the soils of semiarid and semihumid regions (Tables 3 and 4 ). The density of plant roots and the level of biological activity were greater in semihumid areas than in the other two regions.
The properties of SIC (carbonate) were the most common and distinct features, observed in nearly all of the studied pedons. Different types and amounts of pedogenic carbonates depended on climate and stage of soil development. In Entisols located in the arid region, carbonates were observed only as disseminated forms. However, a few visible nodules of carbonate, although not significant for calcic horizon diagnosis, were found in the cambids (pedon 3; Table 2 ). The most developed pedon in the arid region studied was a calcids (pedon 5; Table 2 ), which contained more than 5% visible carbonate nodules. Void: abundance 1: very low (<2%), 2: low (2%-5%), 3: medium (5%-15%). Type I: interstitial. Size VF: very fine, F: fine, M: medium, C: coarse. Calcite concentration: abundance M: many (>20%), C: common (2%-20%), F: few (<2%). Size 1: fine (<5 mm), 2: medium (5-15 mm), 3: coarse (>15 mm). Kind SS: powdery, SF: filament, No: nodule. Gile et al. (1966) proposed a model of pedogenic carbonate formation identified as morphological stages ranging from least (stage I) to most (stage IV) SIC development. Most carbonate development in the arid region was at stages I to II of Gile's model. The most distinctive carbonate features recorded in the semiarid region were typic calcic horizons (pedons 11, 13, and 17; Table 3 ), which were at stages II to III in Gile's model, and carbonate accumulations in C or Cr horizons. The studied pedons in the semihumid region showed thick calcic horizons (pedons 20, 23, and 26; Table 4), which in some pedons were developed to petrocalcic (e.g., pedon 26; Fig. 1C ). The pedons of the semihumid region were at stages II to IV in Gile's model (Brock and Buck, 2009; Gile et al., 1966) . Tables 5, 6 , and 7 show soil classification, selected physicochemical properties, and SOCs, SICs, and STCs for the pedons from the three regions of the climosequence. In comparison with wetter areas, the arid region had less developed soils, including Entisols and Aridisols, with shallower solums, greater values of bulk densities, coarser soil textures (Fig. 2) , and smaller contents Void: abundance 1: very low (<2%), 2: low (2%-5%), 3: medium (5%-15%). Type I: interstitial. Size VF: very fine, F: fine, M: medium, C: coarse. (Table 5) . Soil development increased from the arid to semihumid regions. In addition to a thickening of the solum from 45 cm in the Entisols from the arid region to more than 160 cm in the semihumid region, the other soil properties indicated greater soil development across the climosequence from the arid to semihumid regions (Fig. 1) . Decreases in BD; increases in clay, SOC, SIC, and STC contents; and increases in carbonate accumulation depth all indicated rapid soil formation under wetter conditions. Bulk density of natural soils is an essential property for calculating C stocks and soil strength and/or mechanical resistance to plant growth and can affect the distribution of soil C content (Drewry et al., 2008; Gregorich et al., 1997) . The average BD values in the semihumid, semiarid, and arid regions examined in this study were 1.00 ± 0.07, 1.06 ± 0.07, and 1.32 ± 0.12 g cm −3
Soil Physical and Chemical Properties
, respectively. For each pedon, the largest values of organic matter content (plant-root density) and porosity were observed in the surface soil layers (A horizons), but BD showed a reverse trend Void: abundance 1: very low (<2%), 2: low (2%-5%), 3: medium (5%-15%). Type I: interstitial. Size VF: very fine, F: fine, M: medium, C: coarse. (largest BD values obtained in the surface of some pedons). Clay content and a moderate amount of calcium carbonate are the factors that increase aggregation and, consequently, porosity (Canasveras et al., 2010) . In the studied soils, clay and calcium carbonate increased with depth. These parameters improved aggregation and increased soil porosity, resulting in small BD values. Moreover, the mean contents of sand particles were 53%, 31%, and 30% in the arid, semiarid, and semihumid regions, respectively. The effect of sand content on BD was found to be greater than that of the other soil properties. Sandy soils tend to have greater bulk densities and smaller porosities than clayey soils (Chaudhari et al., 2013) .
Soil Organic and Inorganic Carbon Contents
The contents of SOC and SIC were measured to evaluate the effects of different climates on soil formation rate and C sequestration. As shown in Table 5 , all soil layers of the arid region contained smaller SOC contents (decreasing with depth) than the semiarid and semihumid regions. However, SIC content in the upper soil layers of the arid region was larger than in the semiarid region because of more leaching caused by greater amounts of soil water content, stronger soil structure, and the existence of mollic epipedons. The largest SIC content (48%) was observed in the Cr horizon of pedon 11 in the semiarid region (Table 6 ). This could probably be attributed to organic-matter decomposition, more H 2 CO 3 formation in the upper SOC-rich mollic epipedon, and its migration to deeper horizons and even to the surface of the parent rock (basalt) located at relatively shallow depths, which caused an increase in the weathering rate and carbonate forming reactions. A similar trend was also observed in other pedons of the semiarid region. As indicated by Mikhailova et al. (2009) , mollisols may be a significant sink of inorganic C by pedogenic carbonate formation. Shi et al. (2012) stated that the average values of SOC and SIC in topsoils (0-20 cm) across the Tibetan grasslands were 3.63% and 0.38%, respectively. The deepest pedons were observed in the semihumid region with high levels of SOC even in the deepest horizons. Although all pedons in the semihumid region contained thick calcic horizons, the SIC content did not sharply increase with depth. The average SIC content increased according to the MAP of each region from 14% in the semihumid region to 9% in the arid region (Table 8) .
Soil Carbon Stocks
The greatest storage of SOC was observed in the surface layers in all regions. The opposite trend was found for storage of SIC, for which the maximum amounts were found in subsurface layers (Tables 5, 6 , and 7). A similar trend for SIC was also observed for STCs. Overall, the average storage of different forms of C in the semihumid region was larger than in the semiarid and arid regions (Table 8) .
DISCUSSION SOC and SIC Distributions and Storages
The basalt rock in this study was considered free of C (organic and inorganic) because of its volcanic origin. Thus, the stored STC, which ranged from 4.22 Mg ha −1 in the arid region to 679.47 Mg ha −1 in the semihumid region, was entirely the result of pedogenesis. Basalt weathering plays a major role in the terrestrial C cycle (Dessert et al., 2003) . Basalt weathers rapidly when exposed to the influence of H + dissociated from H 2 CO 3 , which in turns results from atmospheric CO 2 dissolution in soil water. Upon weathering, basalt releases earth alkaline cations that react with bicarbonates to produce carbonates. Based on the igneous parent rock and position of the studied soil in the landscape (e.g., lacking wind and water sediments), the only source of C in these soils was probably CO 2 from biological activity, including the respiration of plant roots and atmospheric processes, which provided the possibility of the genesis of various forms of carbonates in the soils. The existence of carbonate-free parent rocks and rangeland vegetation cover in the studied regions suggests that the soil-formation initiation of the stored organic and inorganic C was pedogenic.
The smallest amounts of SOC were observed in the arid region because of less biomass growth and residue production. Ruiz-Sinoga et al. (2012) , in their study of the effects of different climatic conditions on SOC in the Mediterranean rangelands from southern Spain, reported that SOCs is smaller in humid than semiarid climatic conditions. The wetter semiarid and semihumid climates stimulated soil formation compared with the arid climate, in terms of physicochemical and biological weathering . The arid climate is a limiting factor in biomass production; which explains the smallest SOC content observed in the arid region. According to the results of the current study, SOC increased with increasing precipitation and decreased with increasing temperature. This is in accordance with the findings of Ruiz-Sinoga et al. (2012), Evans et al. (2011), and Wang et al. (2010) . In their study of organic/inorganic C storage in natural soil profiles along a precipitation gradient across landscape types in northern China, Wang et al. (2010) reported a remarkable decrease in SOC content along a precipitation gradient from 448 mm MAP (forest) to 102 mm MAP (desert). This can be attributed to production rates of SOC greater than decomposition rates in conditions of greater rainfall amounts, whereas under higher temperature conditions, decomposition rates of SOC are greater than production rates. In contrast, SIC content increased along the MAP gradient from arid to semihumid. The smallest amounts of SIC were observed in the arid region because of less chemical weathering (shallow development depth) and smaller SOC input. Moreover, in arid regions, because of precipitation restrictions, translocation of SIC is limited to the depth of water penetration. By increasing the amount of water, the acidification of the soil solution by the dissolution of CO 2 leads to faster weathering of basalts and greater availability of cations for combination and eventually the deposition of carbonates with various forms in semihumid regions. Soil development increased from the arid to the semihumid regions. This suggests that the increase in soil depth with increasing humidity, which is attributable to weathering intensity, is another important reason for the large amount of SICs in semihumid region.
In their study of the effects of MAP and MAT on SIC in the continental United States, Guo et al. (2006) reported no relation between SIC and MAP until an average annual precipitation exceeds 1,000 mm. Mi et al. (2008) concluded that at the country level the SIC content in each soil profile was positively related with MAT but negatively related with MAP. The results of the current study are inconsistent with other studies reporting the effect of precipitation and temperature on the SIC content (Evans et al., 2011; Wang et al., 2010) , but consistent with the effect of precipitation reported in Wang et al. (2013) . This could be attributed to the deeper penetration of rainfall that distributed SIC through the pedon with a thicker solum, which developed on more deeply weathered parent rock. Soils in the arid and semiarid regions accumulate pedogenic calcium carbonate in noncarbonate parent materials from the combination of Ca 2+ ions, water from rainfall, and CO 2 from plant root respiration (Brock and Buck, 2009; Gile et al., 1966; Stevenson et al., 2005) .
Moreover, the influence of temperature on pedogenic SIC formation is complicated. An increase in MAT directly affects the supersaturation of the soil solution with CaCO 3 (Barker and Cox, 2011) and increases microbial respiration and the CO 2 concentration in soil air (Lal and Kimble, 2000) . The influence of temperature in this case can be examined from two opposing directions. First, with increased temperature, weathering rate also increases, but only in the presence of water, which is, by definition, scarce in arid regions. Second, with decreased temperature in the presence of water (wetter regions), the dissolved CO 2 in water increases and ultimately reacts with cations released through weathering and precipitates as SIC.
Soil inorganic C accounted for 85%, 65%, and 74% of STC in the arid, semiarid, and semihumid regions, respectively (Fig. 3) . This is in accordance with considerable differences among SIC/ STC ratios in studied regions; the average of this ratio in arid regions is greater than in other regions. On the whole, the type and amount of vegetation affect the values of the SIC/STC ratios. Accordingly, in the arid region, SOC accounts for only a small proportion of STC on average. Comparing results from poor vegetation cover in the arid region to greater cover in the semiarid and semihumid regions showed that more SOC entered the soil as water availability increased, and in turn, more SIC formed following SOC decomposition; this resulted in larger differences between SOC and SIC contents in the wetter climates. Furthermore, the density of plant roots in the semihumid areas was greater than in the other two regions.
The inverse trend of SOC with SIC content in all regions showed that although SIC content almost completely originated from SOC in the studied regions, it was relatively stable compared with SOC, resulting in the accumulation of SIC during soil formation. In the arid region, SOC content was strongly related to SOCs. On the other hand, thicker solums and horizons in the semiarid and semihumid regions than in the arid region led to more irregular SOCs values, resulting in insignificant correlations between storage of SOC and SOC. The effect of thickness could probably explain the varying relationships between SOCs on the one hand and SICs and STCs on the other.
The smallest amounts of SOC and SIC were obtained in the arid region because of poor vegetation cover and smaller inputs of organic C to soil and inorganic C formation. The results of this study are smaller than those in previous reports of soil C in the world's arid and semiarid grasslands. For example, Wang et al. (2013) found that average values for SOC and SICs in the 0-to 100-cm soil depth in the Xilin River basin, Inner Mongolia (350 mm MAP), were 94 and 44 Mg ha −1 , respectively. Furthermore, average SOCs was found to be almost 150 Mg ha −1 to the depth of 1 m in northwestern China (Wang et al., 2003) ; grassland soils had 150 to 200 Mg ha −1 of SIC in Inner Mongolia (Mi et al., 2008) and 136 Mg ha −1 in northwestern China (Wu et al., 2009 ). All of the stored SOC and SIC were considered to be pedogenic initiated soil formation on carbonate-free underlying rocks. Thus, we believe that most C in the studied regions resulted from organic matter and plant growth, some of which has been converted to inorganic C at different rates. Pedons from the arid region had an average SIC/SOC ratio of 5.78, in comparison to approximately 1.82 and 2.88 for the pedons of the semiarid and semihumid regions, respectively. The largest ratio of SIC to SOC was obtained in the arid climate despite smaller values of SOC in soils of the arid-region soils. The SIC/SOC ratio in the semiarid and semihumid regions were smaller than in the arid region, possibly because of the wetter climate that prevented the precipitation of carbonates and the likelihood of greater occasional leaching during rainfalls compared with the arid region. In agreement with the current study, Tan et al. (2014) stated that because of dry conditions, the ratio of SIC to SOC in the arid and semiarid regions is much larger than the Chinese and global SIC/ SOC ratios.
Although subsurface horizons are known to be important for soil C storage, most of the studies have been focused on soil C storage in upper soil horizons (Mi et al., 2008; Wang et al., 2010; Zhang et al., 2015) . This study found that STCs was not dominated by the SOC in the surface layer, but by SIC in the subsurface layer (Fig. 4) . Figure 4A shows SOCs in different layers indicating the storage of relatively large amounts of SOC in layers deeper than 60 cm, especially in the semiarid and semihumid regions. These amounts comprised approximately 17%, 36%, and 35% of SOC in the arid, semiarid, and semihumid regions, respectively. More than 50% of SOCs was found in the 0-to 25-cm layer in the arid region, whereas in other regions it did not exceed 30%. In contrast, the largest proportion of SIC (>50%) was observed in the 60-to 120-cm layers in all regions (Fig. 4B) . Also, more than 50% of total C (SOC + SIC) storage in the studied soils occurred in the 60-to 120-cm layers (Fig. 4C) . On average, the STC in the 0-to 25-cm layer in the arid, semiarid, and semihumid regions was estimated at approximately 26%, 11%, and 20% of the totals to a depth of 120 cm, respectively. This differs from the results of Batjes (2002) , who found that approximately 44% of STC in the 1-m depth was held in the top 30-cm soil in Central and Eastern Europe.
Estimation of SIC Minimum Accumulation Time
Pedogenic carbonate is an important indicator of soil age. Arkley (1963) calculated the minimum time required for the Means with the same letter are not significantly different from each other; *P < 0.05; **P < 0.01. Mg ha −1 y −1 enters the soil. Considering this as an approximation, the required time for the accumulation of total carbonates throughout the pedons of the arid region would be between 177,000 and 350,000 years. In the semiarid pedons, accumulation time shows wide variability: from 95,000 to 480,000 years; in the semihumid pedons, the required accumulation time would be approximately 138,000 to 180,000 years.
Considering that the CO 2 partial pressure in well-drained soils is 10 times larger than that in the atmosphere (Bohn et al., 2001) , dividing the calculated accumulation times by 10 indicates that the minimum and maximum accumulation times in semiarid region would be approximately 9,500 to 48,000 years, respectively. This suggests that weathering processes leading to soil development and sufficient solum thickening have been more rapid in the semiarid and semihumid regions than in the arid region.
CONCLUSIONS
Strong differences in soil evolution were distinctly observed across the climosequence from the arid region to the semiarid and semihumid regions. The solum as a criterion in soil evolution showed minimum, medium, and maximum thicknesses in the arid, semiarid, and semihumid regions, respectively. Soil stoniness, BD, soil-texture class, and particle-size distribution as criteria of bedrock weathering and soil development similarly increased with increases in water. Soil organic C content regularly decreased with depth for all pedons and increased in all soil layers from dry to wet conditions. Grass vegetation cover and cooler temperature caused more SOC retention in the semiarid region with a good mollic epipedon formation. Although the upper soil layers had the maximum SOC content, the maximum SIC content was observed in the subsurface layers. Finally, greater rainfall and lower temperature in the studied climosequence led to greater solubility of CO 2 in soil solution and its retention in the soil with later carbonate formation. Generally, this study found that the balance between MAP, MAT, and evapotranspiration directly affected SIC formation and accumulation. Based on the ratios of SIC to STC, SIC comprised the dominant proportion of STC (65%, 74.4%, and 85% in the semiarid, semihumid, and arid regions, respectively). The results for SIC minimum accumulation time indicated that the SIC is stored more rapidly in wetter climates because of more weathering. It is evident that carbonates could not be formed and stored in significant amounts without establishing sufficient soil and vegetation cover. Despite smaller values for SOC in the arid-region soils, the largest SIC/SOC ratios were obtained in the arid climate, which indicates that climate is relatively more important than SOC content and plant growth in determining SICs.
ABBREVIATIONS
MAP: mean annual precipitation; MAT: mean annual temperature; BD: bulk density; SOC: soil organic carbon; SIC: soil inorganic carbon; SOCs: SOC storage; SICs: SIC storage; STCs: STC storage.
